Supplementary Figures
. Schematic illustration of the Uio-66-NH2 structure (a) and synthetic mechanism for Pt1/N-C (b). Figure 6 . The electrochemical cell for operando XAFS measurement. The catalysts were loaded on the carbon cloth (catalyst@CC) as working electrode (WE), led by a piece of copper tape to connect the electrochemical station. Ag/AgCl and carbon rod were used for the reference electrode (RE) and counter electrode, respectively. On the back of the carbon cloth, Kapton film was used to seal the cell flank.
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Kapton film catalyst@CC Supplementary Figure 7 . SEM images of the carbon cloth coated with the catalysts in different magnifications. The catalysts were homogeneously filled in the gap of the carbon cloth, ensuring good contact between catalysts and electrolyte, also avoiding the catalysts from exfoliation during the measurement. Lengths of scale bars are 100, 20, 10 and 2 μm for (a), (b), (c) and (d), respectively. . Supplementary Figure 10 . Three-dimensional profile plot of successive operando Pt L3-edge EXAFS spectra acquired in different working conditions, in corresponding to the XANES spectra in Fig. 1d .
Supplementary Figure 11 . The reversibility tests under +0.50 V (a, c) and +0.10 V (b, d). During the operando XAFS measurement, the working potential was set from +0.50 V to -0.07 V in sequence. After that, the electrode was naturally dried in air, then reinstalled to the cell and retest under +0.50 V and +0.10 V. . Supplementary Figure 20 . Calculated DOS of Pt1-C3N1 and Pt1-C2 systems. Different from the DOS of in Fig. 3b , this include contributions from N and C in the substrate, thus the peak near the Fermi level (0 eV) reflect the activity of the structure interacting with H2O and H species. As shown in the inset, compared to Pt1-C3N1, the prominent peaks of Pt1-C2 surfaces near the Fermi level imply higher localized electron density on Pt site, which may benefit the activation of H2O molecules and thus boosts HER activity. . Supplementary Figure 21 . HAADF image (a) and XAFS spectra (b) of the Pt1/N-C catalyst after the stability test in 1.0 M KOH. Length of scale bar is 5 nm. The catalyst was sonicated and dispersed in ethanol from the electrode after test, then the ink was used for STEM measurement. It can be discerned that the single atomic state and monodispersion of Pt were preserved after 20-hours durability test. . Pt mesh was used as working electrode and CV was run at a scan rate of 1 mV s -1 . Indicated by the red arrows, the average of the two potentials at the current of zero was considered as the thermodynamic potential for the hydrogen reaction, i.e. 0 V versus reversible hydrogen electrode. 
Supplementary Notes
Supplementary Note 1. The turnover frequency (TOF) per Pt site of the Pt1/N-C was calculated according to the following equation:
Where J is the current density (A cm -2 ) from the LSV measurement, F is the Faraday constant (C mol -1 ), n is the number of active sites per geometric area (mol cm -2 ). The factor 1/2 results from the fact that two electrons are required for one hydrogen molecule. The Pt content of Pt1/N-C determined by the ICP-OES is ca. 2.5 wt%, and mass loading on the electrode is ~0.25 mg cm −2 . Thus, n is calculated as: 
